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(57) ABSTRACT

An organic light-emitting diode (OLED) display and method
of manufacturing the same are disclosed. In one aspect, the
OLED display includes a first substrate including a display
area, a display unit formed in the display area and including
an insulating layer, and a second substrate formed over the
display layer. A sealant material is interposed between the
first and second substrates and substantially seals the first and
second substrates to each other. Atleast one hole is formed in
a first portion of the insulating layer and at least one recess is
formed in a second portion of the insulating layer. The sealant
is substantially filled in the hole and the recess.

13 Claims, 5 Drawing Sheets

P
5 213 214 OLED
A— | |
5
e XS
s s s
00— AL
/// ////// s
2 K\?/‘fﬁ {;5 {/:3‘
1
) 7 | \
21 21 21 206 /202 204 207

TFT

AA



U.S. Patent Apr. 5, 2016 Sheet 1 of 5 US 9,305,985 B2

FIG. 1

|—

A J 101

]

10



US 9,305,985 B2

Sheet 2 of 5

Apr. 5, 2016

U.S. Patent

v

141
202 702 Nom\ 902

—
o

v s
s I
\\\\ ’, \\\\ ” 00¢
i
A2y s

c Old



U.S. Patent Apr. 5, 2016 Sheet 3 of 5 US 9,305,985 B2

102

7 /4300

—23
—205
—203 020

— 201

—+—101

FIG. 4A

S OO0 G009 0 0 C 0000000000 00000 0000000000000
7 e et st e et e e e tat el tate e tatetatetoleteltolotedotetotetodete!
.0’0’0'0'0'0.0.0‘0.0’0’0’0 XX 0‘0.0 G 0 9.0.0.00. 0‘0.0 G 0 9.0.0.00. 0‘0.0’0’0.




U.S. Patent Apr. 5, 2016 Sheet 4 of 5 US 9,305,985 B2

FIG. 4B

-
—————
—————

|24
24~ ——205

//«203}20
N

0 A

FIG. 4C
21
|03
23] L— 205
203 520
201

~—101




U.S. Patent Apr. 5, 2016 Sheet 5 of 5 US 9,305,985 B2

FIG. 4D

N 100
A — 300
23
205
| 203 520
N 201
4101




US 9,305,985 B2

1

ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent Appli-
cation No. 10-2013-0160552, filed on Dec. 20, 2013, in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND

1. Field

The described technology generally relates to an organic
light-emitting diode (OLED) display and a method of manu-
facturing the same.

2. Description of the Related Technology

Flat panel displays such as organic light-emitting diode
(OLED) displays include a matrix of pixel with signals driven
by a thin film transistor (TFT). These displays can be used as
a display device for a mobile device such as a smartphone, a
tablet PC, an ultra slim laptop computer, a digital camera, a
video camera, or a portable information terminal or other
electronic/electric products such as an ultra slim televisions.

OLED displays include an upper substrate and a lower
substrate, such as glass or plastic sheets, that are sealed to
protect the OLEDs from contaminants. A sealing or filler
material is applied between the upper and lower substrates
and hardened to bond the two substrates together. The
lifespan and reliability of such an OLED display depends
upon the bonding strength between the upper and lower sub-
strates.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

One inventive aspect is an OLED display and a method of
manufacturing the same.

Another aspect is an OLED display including a first sub-
strate, a display unit defining a display area on the first sub-
strate and including an insulating layer, a second substrate
formed on the display unit, and a sealant formed between the
first substrate and the second substrate for bonding the first
substrate and the second substrate to each other, wherein a
hole is formed in the insulating layer and a recess is formed in
an inner side wall of the hole into the insulating layer and the
sealant is filled in the hole and the recess.

A plurality of the holes may be formed.

The recess may be formed to be substantially parallel to the
first substrate.

The display unit may include a thin film transistor (TFT),
the TFT may include an active layer, a gate insulating layer
formed on the active layer, a gate electrode, a source elec-
trode, and a drain electrode formed on the active layer, and an
interlayer dielectric layer formed between the gate electrode
and the source electrode and between the gate electrode and
the drain electrode, the insulating layer may include the gate
insulating layer and the interlayer insulating layer, and the
recess may be formed into the interlayer insulating layer.

The OLED display may further include a buffer layer
formed directly on the first substrate, wherein the insulating
layer may further include the buffer layer.

Another aspect is a method of manufacturing an OLED
display the method including forming a gate insulating layer
on a surface of a first substrate, patterning a metal layer on the
gate insulating layer, forming an interlayer insulating layer on
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the metal layer, etching a first region of the metal layer,
removing a remaining portion of the metal layer, and applying
a sealant into the first region and a space where the metal layer
is removed.

The first region may be etched in a dry-etching method.

The metal layer may be formed of a material that can be
wet-etched and the remaining portion of the metal layer may
be removed by a wet-etching method.

The method may further include forming a buffer layer
directly on the first substrate.

The first region may be a center region of the metal layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic plan view of an OLED display
according to an embodiment.

FIG. 2 is a cross-sectional view of the OLED display taken
along line II-IT' of FIG. 1.

FIG. 3 is an enlarged view of a portion P of FIG. 2.

FIGS. 4A through 4D are schematic cross-sectional views
illustrating a method of manufacturing an OLED display
according to an embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

Reference will now be made in detail to embodiments,
examples of which are illustrated in the accompanying draw-
ings, wherein like reference numerals refer to like elements
throughout. In this regard, the present embodiments may have
different forms and should not be construed as being limited
to the descriptions set forth herein. Accordingly, the embodi-
ments are merely described below, by referring to the figures,
to explain aspects of the described technology.

It will be understood that although the terms “first”, “sec-
ond”, etc. may be used herein to describe various compo-
nents, these components should not be limited by these terms.
These components are only used to distinguish one compo-
nent from another.

As used herein, the singular forms “a,” “an” and “the” are
intended to include the plural forms as well, unless the con-
text clearly indicates otherwise.

It will be further understood that the terms “comprises”
and/or “comprising” used herein specify the presence of
stated features or components, but do not preclude the pres-
ence or addition of one or more other features or components.

It will be understood that when a layer, region, or compo-
nent is referred to as being “formed on,” another layer, region,
or component, it can be directly or indirectly formed on the
other layer, region, or component. That is, for example, inter-
vening layers, regions, or components may also be present.

Sizes of elements in the drawings may be exaggerated for
convenience of explanation. In other words, since the sizes
and thicknesses of components in the drawings may be exag-
gerated for convenience of explanation, the following
embodiments are not limited thereto. The term “substan-
tially” as used in this disclosure means completely, almost
completely, or to any significant degree.

Hereinafter, embodiments of the described technology will
be described in detail with reference to accompanying draw-
ings.

Referring to FIGS. 1 through 3, an organic light-emitting
diode (OLED) display 1 according to an embodiment
includes a first substrate 101, a display unit or display layer
200 defining a display area AA on the first substrate 101, a
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second substrate 102 formed on the display unit 200, and a
sealant 300 for bonding the first and second substrates 101
and 102 to each other.

The first substrate 101 can be flexible and can be formed of
a plastic material having a high heat resistance and high
durability. However, the described technology is not limited
thereto, that is, the first substrate 101 may be formed of
various materials, for example, metal, glass, or the like.

The display unit 200 defines the display area (active area)
AA on the first substrate 101 and includes a thin film transis-
tor (TFT) and an OLED that are electrically connected to each
other. In addition, a pad portion 10 is formed on at least one
side of the display area AA to transfer electric signals from a
power supply device (not shown) or a signal generation
device (not shown) to the display area AA.

Hereinafter, the display unit 200 will be described in detail
below with reference to FIG. 2.

An insulating layer 20 is formed on the first substrate 101.
In the FIG. 2 embodiments, the insulating layer 20 includes a
buffer layer 201, a gate insulating layer 203, and an interlayer
insulating layer 205.

The buffer layer 201 is formed on the first substrate 101.
The buffer layer 201 is formed on substantially the entire
surface of the first substrate 101, that is, on the display area
AA and a peripheral portion of the display area AA. The
bufferlayer 201 prevents impurities from penetrating through
the first substrate 101 and provides a flat surface on the first
substrate 101. The buffer layer 201 may be formed of various
materials capable of performing the above functionalities.

For example, the buffer layer 201 may include an inorganic
material such as silicon oxide, silicon nitride, silicon oxyni-
tride, aluminum oxide, titanium oxide, or titanium nitride, or
an organic material such as polyimide, polyester, or acryl, and
may be formed to have a stacked structure including a plural-
ity of layers of the above materials.

The TFT is formed on the buffer layer 201. The TFT
includes an active layer 202, a gate electrode 204, a source
electrode 206, and a drain electrode 207.

The active layer 202 may be formed of inorganic semicon-
ductor such as amorphous silicon or polysilicon, or oxide
semiconductor, and includes a source region, a drain region,
and a channel region.

The gate insulating layer 203 is formed on the active layer
202. The gate insulating layer 203 is formed over substan-
tially the entire first substrate 101. That is, the gate insulating
layer 203 is formed over the display area AA and the periph-
eral portion of the display area AA on the first substrate 101.
The gate insulating layer 203 insulates the active layer 202
from the gate electrode 204 and may be formed of an organic
material or inorganic material such as SiN, or SiO,.

The gate electrode 204 is formed on the gate insulating
layer 203. The gate electrode 204 can be formed of one or
more of Au, Ag, Cu, Ni, Pt, Pd, Al, Mo, or an alloy such as
Al:Nd or Mo:W; however, the described technology is not
limited thereto. The gate electrode 204 may be formed of
various materials in consideration of the design conditions.

The interlayer insulating layer 205 is formed on the gate
electrode 204. The interlayer insulating layer 204 is formed
over substantially the entire first substrate 101. That is, the
interlayer insulating layer 205 is formed over to the display
area AA and the peripheral portion of the display area AA.

The interlayer insulating layer 205 is interposed between
the gate electrode 204 and the source electrode 206 and
between the gate electrode 204 and the drain electrode 207 to
electrically insulate them from each other. The interlayer
insulating layer 205 may be formed of an inorganic material
such as SiN, or SiO,.
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A plurality of holes 21 are formed in the insulating layer
20. The holes 21 are formed on an outer portion of the display
area AA. Each of the holes 21 may be formed to have a
rectangular cross-section. The holes 21 are formed in the
insulating layer 20 and the sealant 300 is applied on the
insulating layer 20 filling the holes 21, and thus, the contact
area between the sealant 300 and the insulating layer 20
increases. Accordingly, the bonding strength between the first
substrate 101 and the second substrate 102 is improved.

The source electrode 206 and the drain electrode 207 are
formed on the interlayer insulating layer 205. In particular,
the interlayer insulating layer 205 and the gate insulating
layer 203 are formed to expose the source region and the drain
region in the active layer 202 and the source and drain elec-
trodes 206 and 207 are respectively formed to contact the
exposed source region and the exposed drain region in the
active layer 202. When forming the interlayer insulating layer
205 and the gate insulating layer 203 to expose the source and
drain regions in the active layer 202, an irregular portion 209
may be formed without performing an additional manufac-
turing process.

Furthermore, the embodiment of FIG. 2 illustrates a top
gate type TFT including the active layer 202, the gate elec-
trode 204, and the source and drain electrodes 206 and 207,
however, the described technology is not limited thereto.
According to other embodiments, the gate electrode 204 is
formed under the active layer 202.

The TFT is electrically connected to the OLED so as to
drive the OLED and is covered and protected by a passivation
layer 208.

The passivation layer 208 may be an inorganic insulating
layer and/or an organic insulating layer.

The OLED is formed on the passivation layer 208 and the
OLED includes a pixel electrode 211, an intermediate layer
214, and an opposite electrode 215.

The pixel electrode 211 is formed on the passivation layer
208. In more detail, the passivation layer 208 does not cover
the entire drain electrode 207, but exposes a portion of the
drain electrode 207 and the pixel electrode 211 is formed to be
connected to the exposed portion of the drain electrode 207.

According to some embodiments, the pixel electrode 211 is
a reflective electrode.

The opposite electrode 215 formed to face the pixel elec-
trode 211 may be a transparent electrode or a semi-transpar-
ent electrode.

Accordingly, the opposite electrode 215 transmits light
emitted from an organic emission layer included in the inter-
mediate layer 214. That is, the light emitted from the organic
emission layer is transmitted through the opposite electrode
215 directly or after being reflected by the reflective pixel
electrode 211.

However, the OLED display 1 is not limited to a top emis-
sion type display. According to other embodiments, the
OLED display 1 is a bottom emission display in which the
light emitted from the organic emission layer is transmitted
through the first substrate 101. In these embodiments, the
pixel electrode 211 is a transparent electrode or a semi-trans-
parent electrode and the opposite electrode 215 is a reflective
electrode. Also, the OLED display 1 can be a dual emission
type that emits light in the opposing directions, that is,
through the top and bottom surfaces.

Meanwhile, a pixel defining layer 213 is formed of an
insulating material on the pixel electrode 211. The pixel
defining layer 213 exposes a predetermined region of the
pixel electrode 211 and the intermediate layer 214 is located
in the exposed region.
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The intermediate layer 214 includes the organic emission
layer. In another example, the intermediate layer 214 includes
an organic emission layer and may further include at least one
of'a hole injection layer (HIL), a hole transport layer (HTL),
an electron transport layer (ETL), and an electron injection
layer (EIL). However, the described technology is not limited
thereto. In some embodiments, the intermediate layer 214
includes an organic emission layer and further includes other
various functional layers.

The second substrate 102 is formed over the opposite elec-
trode 215. The second substrate 102 may be a flexible sub-
strate and may be formed of a plastic material having a high
heat resistance and high durability. However, the described
technology is not limited thereto, and in other embodiments,
the second substrate 102 is formed of various materials such
as metal, glass, or the like.

The sealant 300 is interposed between the first substrate
101 and the second substrate 102. The sealant 300 bonds the
first substrate 101 to the second substrate 102. The sealant
300 is formed on the outer portion of the display area AA, i.e.,
in a peripheral area surrounding the display are AA. The
sealant 300 may include a fit. The sealant 300 is a blocking
layer for blocking impurities such as oxygen and moisture
from penetrating, thereby protecting the organic materials in
the display unit 200. against external oxygen and impurities
such as moisture.

The sealant 300 is formed on the insulating layer 20. The
sealant 300 fills the holes 21 formed in the insulating layer 20.
Accordingly, the bonding force between the first substrate
101 and the second substrate 102 can be improved.

Hereinafter, the insulating layer 20 will be described in
more detail with reference to FIG. 3.

The insulating layer 20 includes the buffer layer 201, the
gate insulating layer 203, and the interlayer insulating layer
205.

The hole 21 is formed in the insulating layer 20, and in
some embodiments, the hole 21 has a substantially rectangu-
lar cross-section. When the sealant 300 is filled in the hole 21
in the insulating layer 20, the bonding strength between the
first substrate 101 and the second substrate 102 is improved.

A recess 23 is formed in an inner side wall of the hole 21.
In the embodiment of FIG. 3, the recess 23 is formed in the
interlayer insulating layer 205. The recess 23 is located on the
gate insulating layer 203. The recess 23 is formed to be
substantially parallel to the first substrate 101. The sealant
300 is filled in the recess 23, and accordingly, the sealant 300
filled in the hole 21 is placed on the insulating layer 20. Since
the sealant 300 is placed on the insulating layer 20, the first
substrate 101, the insulating layer 20 and second substrate
102 are firmly bonded to each other.

FIGS. 4A through 4D are schematic cross-sectional views
illustrating a method of manufacturing an OLED display
according to an embodiment.

Referring to FIGS. 4A through 4D, the method of manu-
facturing the OLED display includes forming a gate insulat-
ing layer on a surface of a first substrate, patterning a metal
layer on the gate insulating layer, forming an interlayer insu-
lating layer on the metal layer, etching a first region of the
metal layer, removing the remaining metal layer, and apply-
ing a sealant into the first region and a space where the metal
layer is removed.

As shown in FIG. 4A, the insulating layer 20 and a metal
layer 24 are formed on a surface of the first substrate 101. The
buffer layer 201 and the gate insulating layer 203 are formed
on the surface of the first substrate 101. The metal layer 24 is
patterned on the gate insulating layer 203. The metal layer 24
is formed of a material that can be wet-etched. The metal layer
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24 can be formed of the same material as the gate electrode
204. The metal layer 204 can be formed in the same process
of forming the gate electrode 204. That is, the interlayer
insulating layer 205 is formed covering the metal layer 24 and
the gate insulating layer 203.

Next, as shown in FIG. 4B, a first region A1l of the metal
layer 24 is etched. The first region Al is a center area of the
metal layer 24. The first region Al ofthe metal layer 24 can be
etched in a dry-etching method. When the first region Al of
the metal layer 24 is etched, the hole 21 is formed in the
insulating layer 20. Portions of the metal layer 24 excluding
the first region Al remain after the etching.

Next, as shown in FIG. 4C, the remaining portions of the
metal layer 24 are removed. The remaining portions of the
metal layer 24 can be removed by a wet-etching process. After
the metal layer 24 is removed, the recess 23 is formed in the
inner side wall of the hole 21 in the insulating layer 20. The
recess 23 is formed in the interlayer insulating layer 205. The
recess 23 is also formed on the gate insulating layer 203 and
is substantially parallel to the first substrate 101.

Next, as shown in FIG. 4D, the second substrate 102 is
formed over the insulating layer 20 and the sealant 300 is
applied to the insulating layer 20 in order to fill the hole 21 and
the recess 23 formed in the insulating layer 20. Thus, a portion
of the sealant 300 fills the hole 21 forming a filled hole 22
containing a portion of the sealant 300. Accordingly, the
OLED display 1 is manufactured.

As described above, according to at least one embodiment,
the bonding strength between the upper and lower substrates
is improved, thereby improving the lifespan and reliability of
the OLED display.

It should be understood that the exemplary embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of fea-
tures or aspects within each embodiment should typically be
considered as available for other similar features or aspects in
other embodiments.

While one or more embodiments of the invention have
been described with reference to the figures, it will be under-
stood by those of ordinary skill in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the invention as defined by the
following claims.

What is claimed is:

1. An organic light-emitting diode (OLED) display, com-
prising:

a first substrate including a display area;

a display unit formed in the display area and including an

insulating layer;

a second substrate formed over the display unit; and

a sealant material interposed between the first and second

substrates and substantially sealing the first and second
substrates to each other,

wherein at least one hole is formed in a first portion of the

insulating layer,

wherein at least one recess is formed in a second portion of

the insulating layer,

wherein the sealant substantially fills the hole and the

recess, and

wherein the vertical height of the recess is less than the

vertical height of the hole.

2. The OLED display of claim 1, wherein the at least one
hole comprises a plurality of holes, wherein the at least one
recess comprises a plurality of recesses respectively corre-
sponding to and adjacent to the holes, and wherein the sealant
is substantially filled in each of the holes and the recesses.
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3. The OLED display of claim 1, wherein the recess is
substantially parallel to the first substrate.

4. The OLED display of claim 1, wherein the display unit
comprises:

a thin film transistor (TFT) including i) an active layer, ii)

a gate insulating layer formed over the active layer, and
iii) a gate electrode, a source electrode, and a drain
electrode formed over the active layer; and

an interlayer insulating layer interposed i) between the gate

electrode and the source electrode and ii) between the
gate electrode and the drain electrode,

wherein the insulating layer comprises the gate insulating

layer and the interlayer insulating layer, and

wherein the recess is formed in the interlayer insulating

layer.

5. The OLED display of claim 4, further comprising a
buffer layer formed directly on the first substrate, wherein the
insulating layer further comprises the buffer layer.

6. The OLED display of claim 1, wherein the hole is con-
nected to the recess.

7. The OLED display of claim 1, wherein the hole is sig-
nificantly greater in dimension than the recess.

8. An organic light-emitting diode (OLED) display, com-
prising:

a substrate including a display area and a peripheral area

surrounding the display area;

a plurality of pixels formed in the display area, wherein

each pixel comprises an OLED;

an insulating layer formed in the display area and the

peripheral area; and
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a sealing thin film formed over the insulating layer,

wherein at least one hole is defined in a first portion of the

insulating layer in the peripheral area,

wherein at least one recess is defined in a second portion of

the interlayer insulating layer in the peripheral area,
wherein the sealing thin film is formed in the hole and the
recess, and

wherein the vertical height of the recess is less than the

vertical height of the hole.

9. The OLED display of claim 8, wherein the insulating
layer comprises:

a buffer layer formed over the substrate;

a gate insulating layer formed over the buffer layer; and

an interlayer insulating layer formed over the gate insulat-

ing layer.

10. The OLED display of claim 9, wherein the recess is
formed only in the interlayer insulating layer and wherein the
vertical height of the recess is less than the vertical height of
the interlayer insulating layer.

11. The OLED display of claim 8, wherein the recess is
substantially parallel to the substrate.

12. The OLED display of claim 8, wherein the at least one
hole comprises a plurality of holes, wherein the at least one
recess comprises a plurality of recesses corresponding to the
holes, and wherein the sealing thin film formed in each of the
holes and the recesses.

13. The OLED display of claim 8, wherein the holes are
arranged in a direction from the display area to an edge of the
substrate.



